Abstract. Diabetic foot infections (DFIs) constitute a major complication of diabetes mellitus. DFIs contribute to the development of gangrene and non-traumatic lower extremity amputations with a lifetime risk of up to 25%. The aim of the present study was to identify the presence of neuropathy and determine the ulcer grade, microbial profile and phenotypic and genotypic prevalence of the methicillin-resistance gene mecA and extended spectrum β-lactamase (ESBL)-encoding genes in bacterial isolates of DFI in patients registered at the Pakistan Institute of Medical Sciences (Islamabad, Pakistan). The results indicated that 46/50 patients (92%), exhibited sensory neuropathy. The most common isolate was Staphylococcus aureus (25%), followed by Pseudomonas aeruginosa (P. aeruginosa; 18.18%), Escherichia coli (16.16%), Streptococcus species (spp.) (15.15%), Proteus spp. (15.15%), Enterococcus spp. (9%) and Klebsiella pneumoniae (K. pneumoniae; 3%). The prevalence of the mecA gene was found to be 88% phenotypically and 84% genotypically. K. pneumoniae was shown to have the highest percentage of ESBL producers with a prevalence of 66.7% by double disk synergy test, and 100% by the cefotaxime + clavulanic acid/ceftazidime + clavulanic acid combination disk test. P. aeruginosa and K. pneumoniae had the highest (100%) proportion of metallo β-lactamase producers as identified by the EDTA combination disk test. The overall prevalence of β-lactamase (bla)-CTX-M, bla-CTX-M-15, bla-TEM, bla-OXA and bla-SHV genes was found to be 76.9, 76.9, 75.0, 57.7 and 84.6%, respectively, in gram-negative DFI isolates. The prevalence of mecA and ESBL-related genes was found to be alarmingly high in DFIs, since these genes are a major cause of antibiotic treatment failure.
Introduction
Diabetes, including Type I and Type II, is the most common non-communicable disease (NCD), with an overall prevalence of 8.3% worldwide, and is the fourth or fifth leading cause of mortality in developed countries (1, 2) . Type II diabetes accounts for the majority (>85%) of the total diabetes prevalence (3) . It is estimated that 15-25% of patients with diabetes will develop a diabetic foot ulcer (DFU) at some point during their lifetime (1) , and this includes patients with Type I or Type II diabetes (4) . According to the International Diabetic Federation Report of 2005 (5), 85% of diabetes-related lower extremity amputations were preceded by DFUs.
Hyperglycemia causes microvascular complications, including neuropathy, retinopathy and nephropathy (6) . The primary function of normal, intact skin is to control microbial populations that live on the skin surface and to prevent underlying tissues from becoming colonized and invaded by potential pathogens (7) . In diabetes, a loss of sensation in the lower extremities may occur, which is known as neuropathy (8) . Neuropathic individuals are highly prone to physical injuries in their lower extremities (9) . Any such injury is a potential cause of a DFU, since hyperglycemia reduces blood flow and the phagocytic activity of neutrophils and macrophages (10) . The most grave consequence of DFUs is limb amputation, which occurs 10-30 times more frequently in patients with diabetes than in the general population (46.1-9,600 individuals/10 5 vs. 5.8-31 individuals/10 5 , respectively) (11) (12) (13) . The mortality rates following amputation are 13-40% in the first year, 35-65% in the first 3 years, and 39-80% in the first 5 years (14) .
In addition to the maintenance of glycemic control, surgical debridement, wound care, pressure offloading and adequate blood flow maintenance, it is also important to evaluate the type of microorganisms in infected wounds (15) . Infection can convert simple injuries to gangrene and cause osteomyelitis, leading to lower extremity amputation (16) . The majority of mild infections are monomicrobial and caused by aerobic gram-positive cocci, such as Staphylococcus aureus (S. aureus) and Streptococcus species (spp.). By contrast, the most severe infections are polymicrobial and caused by aerobic gram-positive cocci, gram-negative bacilli and anaerobes (17, 18) .
The emergence of antibiotic resistance in infecting bacteria can complicate and prolong the treatment regime, and may even cause chronic wounds to become gangrenous (19) . It is noteworthy that methicillin-resistant S. aureus (MRSA) infections are associated with a higher mortality rate compared with methicillin-susceptible S. aureus infections (20) . The mecA gene, which is responsible for methicillin resistance, encodes an altered penicillin-binding protein (PBP 2A ) with a low affinity for β-lactam antibiotics (21, 22) . Extended spectrum β-lactamases (ESBLs) are a group of enzymes encoded by genes that are common among Enterobacteriaceae (23) . Most ESBLs are mutants of Temoneira (TEM)-, sulfhydryl variable (SHV)-and cefotaximase (CTX-M)-type lactamases, which hydrolyze cefotaxime and ceftriaxone, and are weakly active against ceftazidime (24, 25) . Metallo β-lactamases (MBLs), which require divalent cations, usually zinc, as metal cofactors for enzyme activity, are very broad spectrum β-lactamases with the ability to hydrolyze virtually all classes of β-lactams, including extended spectrum cephalosporins and carbapenems (26) .
Genetic variations and the high incidence of resistance genes in microbes hinder the control of infections in DFUs and have an important role in the manifestation of the disease (27) . It is therefore important to investigate the prevalence of these genes in patients with DFUs in order to facilitate the prompt control of infection. The aim of the present study was to investigate the phenotypic and genotypic prevalence of mecA and ESBLs in bacteria isolated from DFU samples.
Materials and methods
Sample size and inclusion and exclusion criteria. In total, 50 diabetic patients with DFU were included in the study between January 21, 2013 and July 20, 2013. The study was approved by the Ethics Committee and Institutional Review Board of the Atta-ur-Rahman School of Applied Biosciences (Islamabad, Pakistan). Patients of all ages and genders with type 2 diabetes with a foot infection or DFU who visited the Diabetic Foot Clinic and Out-Patient Department of Pakistan Institute of Medical Sciences (Islamabad, Pakistan) were included. The exclusion criteria were as follows: Non-diabetic patients with foot infection, diabetic patients that had previously received antibiotic treatment, patients with type 1 diabetes with foot infection, and DFUs with a duration of >3 weeks. Information on the duration of the diabetes and DFUs, glycemic control, and history of previous hospitalization due to the DFU was obtained from all patients. The patients were examined for the presence of sensory neuropathy and peripheral vascular disease by measuring the ankle brachial index. The foot ulcers were classified according to the New University of Texas classification system (28) .
Isolation, identification and antimicrobial susceptibility testing of the microbes. Cultures of the specimens were obtained at the time of admission, after the surface of the wound had been washed vigorously with saline, followed by debridement of the superficial tissue from the exudates to avoid the isolation of colonizing flora. Bacteria were isolated through the inoculation of specimens on a set of selective and non-selective media, such as blood agar and MacConkey and chocolate agars (Difco; BD Biosciences, Franklin Lakes, NJ, USA). All inoculated plates were incubated at 37˚C for 24-48 h. The bacterial isolates were identified using conventional biochemical tests.
The Kirby-Bauer disk diffusion method (29) was used for antibiotic susceptibility testing. The Clinical and Laboratory Standard Institute (CLSI) guidelines were followed for the selection of media, inoculum turbidity and preparation of media plates along with the application of disks and the interpretation of the zone of inhibition. Suspension was inoculated on the media plate with the assistance of a sterile glass spreader. Oxoid™ antibiotic disks (Thermo Fisher Scientific, Inc., Waltham, MA, USA) were applied using sterile forceps. The zone of inhibition around the tested antibiotics was measured, and interpretations were made using the breakpoints elaborated in the CLSI guidelines (30) .
Phenotypic detection of ESBL.
Isolates that showed intermediate resistance to third-generation cephalosporin were screened to detect ESBL production. A double disk synergy test (DDST) was performed for the phenotypic detection of ESBL production (31) . A third-generation cephalosporin disk was placed on the plate with another disk containing amoxicillin + clavulanic acid; other combination disks, such as ampicillin + salbactam and piperacillin + tazobactam, were also tested. Plates were incubated at 37˚C for 18-24 h and the shape of the zone of inhibition was noted.
Isolates that exhibited a distinct potentiation towards the amoxicillin + clavulanic acid disk were considered potential ESBL producers. Escherichia coli (E. coli) ATCC 25922 and Klebsiella pneumoniae (K. pneumoniae) ATCC 700603 were used as negative and positive controls for ESBL, respectively. Phenotypic detection of MBLs was performed using an ethylenediaminetetraacetic acid (EDTA) disk synergy test (32) . For this, an imipenem disk was placed on a plate inoculated with bacterial suspension, and 5 µl 0.5 M EDTA was poured on another imipenem disk and placed on the same plate; differences in the size of inhibition zone were then observed.
Molecular detection of antibiotic resistance genes.
For the molecular detection of antibiotic resistance genes, the phenol-chloroform method was used to extract DNA from bacterial samples (33) . Bacterial cells were grown in Luria Bertani broth overnight at 37˚C and suspended in lysis buffer (0.2 mg/ml proteinase K in 1% sodium dodecyl sulfate). The suspension was then incubated for 1 h at 55˚C and DNA was extracted twice using phenol-chloroform. Subsequently, sodium acetate (0.3 M) and cold ethanol were added to precipitate DNA. The precipitate was centrifuged (Sigma 1-14; Sigma Laborzentrifugen GmbH, Osterode am Harz, Germany) at 14,462 x g for 2 min at room temperature, after which the DNA pellet was suspended in 100 µl Tris-EDTA buffer. mecA, β-lactamase (bla)-SHV, bla-CTX-M, bla-CTX-M-15, bla-TEM and bla-oxacillinase (OXA) genes were detected using polymerase chain reaction (PCR). For PCR, a total reaction mixture volume of 25 µl was prepared containing 2 mM deoxyribonucleotide triphosphates, 10X PCR buffer, 50 mM MgCl 2 , 50 pM of each primer, 5 µl DNA sample, 1 unit of thermo stable Taq DNA polymerase (Fermentas; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and nuclease-free water to adjust the final volume. The reaction mixture was centrifuged (Sigma 1-14; Sigma Laborzentrifugen GmbH) at 14,462 x g for 30 secs at room temperature for thorough mixing. Subsequently, PCR was conducted using the Swift™ MaxPro thermal cycler (Applied Biosystems; Thermo Fisher Scientific, Inc., Foster City, USA). The primer sequences are presented in Table I ( [34] [35] [36] [37] . The PCR products were separated by 1% agarose gel electrophoresis, in which a 100 bp DNA ladder was used as a reference (Invitrogen; Thermo Fisher Scientific, Inc.).
Results

Neuropathy and ulcer grade.
A total of 50 patients fulfilled the inclusion criteria and were included in the study. Out of those 50 subjects, 29 (58%) were men and 21 (42%) women (age range, 36-80 years; mean age, 58 years). According to the University of Texas Classification, 11 patients had stage-B grade-I ulcer, 16 had stage-B grade-II ulcer, 7 had stage-B grade-III ulcer, 2 had stage-C grade-I ulcer, 1 had stage-C grade-II, 1 had stage-D grade-I ulcer, 5 had stage-D grade-II ulcer and 7 had stage-D grade-III ulcer (Table II) . The specimens containing clinically significant pathogens included wound swabs (37/50; 74%), tissue (7/50; 14%), pus (4/50; 8%) and bone (2/50; 4%). Of the 50 patients, 46 patients (92%) had sensory neuropathy while 4 patients (8%) did not (Fig. 1) .
Microbiology and antimicrobial susceptibility testing of diabetic foot wounds sample. A total of 99 bacterial isolates were obtained from the 50 patients with DFUs. In these patients, gram-negative bacilli (59.59%) were isolated more frequently than gram-positive cocci (40.4%). The (19) . (Fig. 2) . Single organisms were isolated from 14 samples (28%) and mixed bacterial growths were identified in 36 samples (72%). The details of the organisms isolated from the infected foot lesions are presented in Fig. 2 . The mean number of isolates per culture-positive sample was 1.9. All S. aureus isolates were resistant to penicillin, out of which 90% exhibited resistance against oxacillin, cefoxitin and ceftazidime. Vancomycin showed inhibitory effects for only 20% of the S. aureus isolates. By contrast, 100% of the Streptococcus spp. isolates exhibited resistance to oxicillin, cefotaxime, ceftriaxone, cefepime, cefoxitin, ceftazidime and penicillin, while 40% showed susceptibility to vancomycin. According to the sensitivity data, 70% of the S. aureus and 80% of Streptococcus spp. isolates were multidrug-resistant (Table III) . All P. aeruginosa and K. pneumoniae isolates, as well as 83.33% of the Proteus spp. and 75% of the E. coli isolates were found to be resistant to ceftazidime. All gram-negative isolates exhibited high susceptibility to chloramphenicol and meropenem. K. pneumoniae and P. aeruginosa were found to be the most resistant, with >60% of strains exhibiting antibiotic resistance, whereas for Proteus spp. and E. coli, <55% of strains were resistant (Table IV) .
Phenotypic and genotypic detection of MRSA and ESBL.
The phenotypic prevalence of the mecA gene was found to be 88%. No inhibition zone was observed around the 30-µg cefoxitin disk. Out of 25 S. aureus strains, 21 were found to be positive for the mecA gene PCR, with an overall prevalence of 84%. DDST results showed that 66.66, 33.33, 66.7 and 50% of the Proteus spp., P. aeruginosa, K. pneumoniae and E. coli populations, respectively, were ESBL producers. In the case of the cefotaxime + clavulanic acid/ceftazidime + clavulanic acid combination disk test for ESBL detection, a >5-mm increase was observed in the size of the zone of inhibition around the cefotaxime or ceftazidime disk containing the ESBL inhibitor clavulanic acid, as compared with the simple cefotaxime or ceftazidime disk. According to the cefotaxime + clavulanic acid/ceftazidime + clavulanic acid combination disk test, K. pneumoniae and E. coli had the highest prevalence (100%) of ESBL producers, while the EDTA disk synergy test confirmed P. aeruginosa and K. pneumoniae as having the highest prevalence of MBL producers; E. coli was found to have the lowest prevalence, with only 37% of strains producing MBL (Table V) .
PCR showed that all K. pneumoniae and E. coli isolates were positive for bla-CTX-M, bla-CTX-M-15, bla-TEM, bla-OXA and bla-SHV resistance genes (Fig. 3) . In addition, 72.2% of the P. aeruginosa strains were positive for bla-SHV and 66.7% for bla-CTX-M, bla-CTX-M-15 and bla-TEM. However, only 33.3% of the P. aeruginosa strains were positive for the bla-OXA gene. In Proteus spp., the resistance gene with the highest prevalence (80%) was bla-SHV (Table VI) .
Discussion
The high occurrence of DFUs and amputation within the diabetic population has become an increasingly alarming public health concern in the developed and developing worlds (38) . These complications begin with neuropathy, which occurs as a result of hyperglycemia and involves a loss of sensation in the lower extremities (8) . Neuropathic individuals are highly prone to physical injuries in their lower extremities (9) , which lead to diabetic foot infections (DFIs), which in turn may result in the amputation of the lower extremities and subsequent mortality (11) (12) (13) . DFUs impose a tremendous medical and financial burden on the health care system in the USA, with a cost as high as $45,000 per patient; in addition, the impaired mobility and substantial 
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loss of productivity associated with DFUs affects the quality of life of the patient (39) . Diabetic neuropathy, along with poor blood circulation in the lower extremities, nerve damage and foot wounds, constitutes one of the leading causes of DFUs (40), which is consistent with previous studies in which up to 92% of patients with DFUs also had neuropathy (41, 42) . The treatment prognosis is exacerbated when an ulcer is infected with multiple microbes (43), since little is known about multi-species interactions or the ideal antibiotic regimen for the treatment of multi-species infections. In the present study gram-positive bacteria, including S. aureus, were observed to be dominant in these infections; which is consistent with previous reports (44, 45) . The assays performed in the present study also identified high percentages of multidrug-resistant P. aeruginosa, which is troubling as P. aeruginosa is an aggressive gram-negative bacillus (46) . High rates of antibiotic resistance have previously been reported in patients with diabetes (47). Richard et al (48) found that the most common causative agent of DFIs, S. aureus, represented 36.5% of isolates from DFUs and, notably, 37.4% of these were MRSA. In the present study, however, it was found that 84% of S. aureus isolates were MRSA, while 20% were vancomycin resistant. S. aureus isolates have been associated with prolonged bacteremia, greater rates of infection-associated complications and vancomycin treatment failure (49) . Among the K. pneumoniae isolates of the present study, a very high incidence of ESBL in the bacteria was detected by phenotypic testing (100% by the cefotaxime + clavulanic acid/ceftazidime + clavulanic acid combination disk test), which is comparable with previous studies, where up to 97% prevalence has been reported (50, 51) . The highest prevalence of MBL producers was found in P. aeruginosa and K. pneumoniae (100% in the EDTA combination disk test). In a study from India, 74.5% of the ceftazidime-resistant P. aeruginosa isolates were found to be MBL producers (52) . In another study from Iran, 53% of the 94 ceftazidime resistant P. aeruginosa isolates were found to be MBL producers (53) .
The PCR analysis conducted in the present study revealed that 21 out of 25 S. aureus isolates (84%) harbored the mecA gene, a considerably high proportion compared with that observed in the study by Bukhari et al (54) , which found an MRSA prevalence of 41.9% in clinical isolates in Lahore, Pakistan. In addition, in the present study all K. pneumoniae and E. coli isolates were 100% positive for all ESBL genes. The high prevalence of the CTX-M gene in the present study was in concordance with the results of the study of Šeputienė et al (55) , who reported CTX-M encoding genes in the majority of E. coli (96%) and K. pneumoniae (71%) isolates showing the ESBL phenotype. ESBL-positive E. coli isolates investigated in Sweden encoded mainly CTX-Ms (92%), followed by TEM-type (63%), OXA-type (59%) and SHV-type (6%) β-lactamases (34) . According to a study by Bali et al (56) , TEM-type ESBLs were found in 72.72% of E. coli and 75% of K. pneumoniae. A study conducted by Umadevi et al (57) observed that ESBL production in P. aeruginosa is less prevalent than that in Enterobacteriaceae, which is consistent with the results of the present study. This finding limits treatment options considerably, causing great concern regarding the lack of adequate treatment and the spread of mecA-and ESBL-carrying isolates in DFIs.
In conclusion, infections caused by multidrug-resistant bacteria that produce mecA and ESBL enzymes have been reported with an increasing frequency in DFIs and are associated with amputation. Epidemiological information helps in the design of better programs for infection control. Due to the resistance of DFIs to numerous antimicrobial agents, treatment can be challenging. Hence, it is recommended that active surveillance for ESBL-producing pathogens in populations at high-risk for DFUs is performed using appropriate antimicrobial techniques.
